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By Charles J. Liddell, Jr., Brent Y. Creer, 
and Rudolph D. Van Dyke, Jr. 

SUMMARY 

A conventional fighter airplane, fitted with special servo devices 
for vary- in flight the dihedral effect, the static directional sta- 
bility, and the directional dsmping was used in a pilot-opinion survey 
involving I2 pilots. Results of the investigation, showing boundaries 
which define satisfactory and tolerable lateral oscillatory character- 
istics, are presented. The boundaries are in the form of relations 
between the cycles to daa~ to half amplitude and the ratio of the erapli- 
tude of the bank angle to that of the side velocity in the oscillatory 
mode. In addition, the lateral aperiodic motions encountered during 
the investigation and their relations to the pilot opinions are dis- 
cussed. 

IXPRODUCTION 

The problem of providing suitable numerical criteria against which 
the measured or predicted stability and control characteristics of 
piloted airplanes can be graded has been the subject of many investiga- 
tions in the past. This work led to the formulatfon of formal flying-' 
qualities specifications by the Armed Services (references 1 and 2). 
The experience upon which these requirements are based, however, was 
gained with airplanes of conventfonal configuration (propeller-driven, 
straighl+wing aircraft) that operated mainly below 30,000 feet. The 
introduction of the jet propulsion engine lifted both the operating 
speeds and altitudes to a point where radical plaI+form changes were 
required to realize the potentialities of the engine. The higher oper 
sting altitudes (40,000 feet) and the absence of a propeller are factors 
ten- to reduce the damping of both the longitudinal and lateral 
oscillations. At present, the damping of the longitudinal motions of 
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operational aircraft has not generally been reduced to the point where 
the pilots have found the attendant overshoot objectionable. This is 
not the case with the lateral-directional oscillations, however, since 
there have been a number of cases of pilot objection to the lateral 
oscillatory characteristics of aircraft in which not only low damping 
but excessive rolling wa3 noted. 

previous work, reported in reference 3, described a variable sta- 
bility test vehicle used to evaluate the maximum and minimum values of 
effective dihedral that could be tolerated. In addition, it was noted 
that some conditions considered good by the pilots fell within the 
unsatisfactory region of the period-damping criteria of references 1 
and 2, while other conditions considered unsatisfactory by the pilots 
fell within the satisfactory region. There were indications that, in 
addition to damping, the roll-to-sideslip ratio had a strong influence 
on the pilots' opinions. Therefore, this test vehicle was revised to 
provide control of both the directional damping parameter (Cn,) and the 
weathercock stability parameter (Cng) as well as the effective dihedral, 
so that large changes in the damping and amplitude of the lateral oscil- 
lations could be provided. Correlation of these large changes in the 
damping and amplitude of the lateral oscillation could then be made with 
the opinions of several'pilots with regard to the lateral handling char 
acteristics, thereby affording a measure of the satisfactory and toler- 
able lateral dynsmic stability characteristics. 

It is the purpose of the present report to present the results of 
this investigation to determine limiting lateral dynamic stability 
characteristics for aircraft which, in the opinion of pilots, have 
satisfactory flying qualities. 

NOTATION 

re 

"% 

effective dihedral angle, degrees 
t 

rate of change of rolli~mertt coefficient with sideslip 
angle, per degree 

rate of change of yawing-moment coefficient with sidesl1c 
angle, per degree 

St- rate of change of yawing-moment coefficient with $ 

r yawing velocity, radians per second 

- 

P rolling velocity, radians per second 
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B 

cp 

AY 

V 

Ve 

V 

Vi 

k 
T2 

T2a 

c2 

lcpl, Ial, 
[vi, etc. 

cs 

b 

sa 

Fa. 

Fr 

sideslip angle, degrees 

angle of bank degrees 

lateral acceleration of pilot's seat, g units 

side- velocity BV 
( > 

- , feet per second 
57.3 

equivalent side velocity (vfi), feet per second 

true airspeed, feet per second 

indicated airspeed, knots 

time for the lateral oscillations to dm~p to half amplitude, 
seconds 

time for the lateral oscillations to dotile emplitude, 
seconds 

time for the unstable aperiodic mode to double amplitude, 
seconds ., 

number of cycles for the lateral oscillations to damp to half 
amplitude 

number of cycles for the lateral oscillations to double 
amplitude 

amplitude of the indicated quantities in the oscillatory mode 

air-density ratio 

span, feet 

pilot-applied total aileron angle (sum of up and dorm- 
aileron angles), right when right-hand aileron is up, degrees 

pilo%pplied rudder angle, right when trailing edge is to 
right, degrees 

aileron stick force, pounds' 

rudder-pedal force, pounds 
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Flight Conditions 

Landing vi = I20 knots; flaps and: landing gear retracted; 
approach pressure altitude = 7000 feet; power for level flight 

Cruising Vi = 200 knots; flaps and,landing gear retracted; 
pressure altitude = 7000 feet; power for level flight 

E%UIpMENT AR-D lEXBUMgRTATION 

A photograph of the test airplane is shown in figure 1. Flight 
measurements of the quantities presented herein were made with standard 
NACA photographically recording instruments. 

The apparatus for varying the dihedral effect is described in 
detail in reference 3. The device for varying the static directional 
stability and the damping in yaw operated essentially in the same manner 
as did the dihedral apparatus, except that the rudder was deflected 
instead of the ailerons. The devices caused rolling and yawing moments 
to be exerted on the airplane (by deflecting the ailerons and rudder) 
which were proportional to pertinent quantities of motion. Thus, in 
order to change the dihedral effect, the equipment deflected the ailerons 
in proportion to the sideslip angle, and to change the static directional 
stability the rudder was deflected in proportion to-the sideslip angle. 
The rudder was deflected in proportion to the yawing velocity in order 
to cause a change in the damping in yaw. The control surfaces were 
deflected by electrical servo equipment through mechanical differentials; 
thus, the servo deflected the surfaces without moving the pilot's 
controls, snd the net rudder or aileron deflection was the algebraic sum 
of that due to the pilot and that due, to the servo. Rudder and aileron 
tabs were deflected in proportion to that part of the control deflection 
due to the respective servo, so that the hinge moments (and therefore the 
control forces) due to the servos were minimized. 

During the investigation five settings of dihedral effect were used 
which varied re, the stick-fixed effective dihedral angle, from about 
17.8O to -6.2O. Three static directional stability settings were inves- 
tigated, which provided a range of C 

2 
with pedals fixed from about 

0 to +O.OOlk per degree. Four setting of the directional damping were 
used, varying Cnr with the controls fixed from about -0.19 to m.06. 

The aileron control characteristics in steady, straight sideslips 
for the minimum, the normal, and the maximum effective dihedral settings 
are shown in figures 2 and 3. The rudder control characteristics in 

c 
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sideslips for the minimum, the normal, and the maximum static directional 
stability settings are shown in figures 4 and 5. It is seen that the 
control positions and forces varied smoothly with sideslip angle and 
that the dihedral effect and static directional stability, as evidenced 
by the slopes of the aileron and rudder position curves, respectively, 
were varied over a wide rsnge. The effect of changing the directional 
damping setting is demonstrated in figure 6, which shows typical time 
histories of lateral oscillations with normal dihedral effect and direc- 
tional stability. All lateral~scillation data presented herein were 
obtained with the pilot's controls fixed. 

To demonstrate the effectiveness of the servo systems in changing 
the dynamic flight characteristics of the test aircraft, sample time 
histories of various maneuvers are shown in figures 7 through 10. Tin& 
histories of pedals-fixed aileron rolls are shown in figures 7 and 8. 
It is seen that the characteristics were varied from those of a nearly 
tw+control configuration with very little adverse sideslip to those of 
a configuration which exhibited rolling-velocity reversals. 

Figures 9 and I.0 show sample time histories of lateral oscillations 
which were excited by returning the controls to the wings-level trim 
position from a steady siaeslip. The natural period was varied from a 
minimum of about 2 seconds to a maximum measurable value of XL.4 seconds, 
and the damping was varied so that the motions varied from nearly 
"dead beat" to the unstable condition in which the amplitude of the 
oscillations doubled in 5.4 seconds. 

In tests of the equipment it was fqund that as the static direc- 
tional stability was increased, the damping in yaw apparent during 
oscillations was reduced somewhat. This was due to a small amount of 
phase lag between the siaeslip sensing vane and the rudder servo. This 
phenomenon is not believed to detract from the usefulness of the equip 
ment for the purposes of this investigation. 

PROCEDUREFOROEPAININGPIIX)TS' OPINIONS 

Opinions of the lateral handling qualities were obtained from 
12 pilots, 2 from the Air Force, 4 from the Navy, 1 from the Cornell 
Aeronautical Laboratory, and 5 from the NACA. All were highly experi- 
enced with fighte>type aircraft. 

The pilots were asked to assign a numerical rating to each of the 
configurations investigated (i.e., each combination of Cl 
and flight condition), and they were given a set of specif !I' % cnr c questions 
to answer with the aim of obtaining the reasons for their ratings. These 
questions were answered while flying in the cruising condition. The list 
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of questions is presented in the appendix. The rating system was as 
follows: 

Numerical rating 

1 
2 7 
3 i 
4 7 

2 k 
J 

Adjectival rating 

Good 

Tolerable 

Intolerable 
_ . _ .- 

i 
The adjectival ratings were provided as guides in choosing the numerical 
ratings. 

A "good" configuration was one which was pleasant to fly, corn-- 
pletely satisfactory. 

UTolerable" described a configuration usable in normal fighter 
operation but not necessarily pleasant to fly. 

"Intolerable" meant that configuration was not usable in normal 
fighter operation. 

So that the pilots, in forming their ratings, would consider the 
airplane for the same operational uses, separate ratings were made con- 
sidering the airplane for each of the following specific uses: 

(a) Cross-country contact flying 
(b) Cross-country instrument flying 
(c) G-=-y 
(a) Landing-approach contact 
(e) Landing-approach on instruments I 

Ratings for uses (a) and (b) were made while flying in the cruising' 
flight condition. In order to form their opinions, the pilots were asked 
to fly straight and level and to make typical mild maneuvers. 

Ratings for use (c) were also made while flying in the cruising 
flight condition. The pilots were asked to form their opinions on the 
basis of the following maneuver. An abrupt change of course was made 
to a chosen target (a point on the horizon such as a mountain top), and 
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the gunsight reticle was held on target for an appropriate length of 
time. 

Ratings for uses (~3.) and (e) were made while flying in the Iandine 
approach flight condition. No actual landings were made, however. 

The final cruising-condition ratings used ti the following dis- 
cussion were obtained by numerfcally averaging the ratings for uses (a), 
(b) Y and (c) above for all the pilots. The finallanding-approach 
ratings were simUarly obtained with the ratings for uses (d) and (e). 

BeCaUBe the ailermontrol forces required in aileron rolls with 
the test airplane were high in comparison with more modern fighters, 
the pilots were requested to try not to penalize any particular COP 
figuration on account of high aileron forces. 

RESULTS Al03 DISCUSSION 

Comparison of Oscillatory Characteristics 
With the Pilotst Opinions 

The average pilot ratings, together with the measured oscillatory 
characteristics of those configurations which exhibited well enough 
defined oscillations to be amenable to measurement are shown in table I. 
The standard deviation of the pilot rating is also included to indicate 
the scatter in opinions among the pilots. 

The lateral4irectional requirements of references 1 and 2 which 
are pertinent to the configurations of table I are: 

1. The oscilktory requirement, which is in the form of a 
boundary between satisfactory and unsatisfactory corn- 
binations of the time to damp to half amplitude, T1/2, 
and the period of the oscillations 

2. The requirement which prohibits rowvelocity 
reversals in pedals-fixed aileron rolls 

3. The requirement which limits the adverse yaw during 
pedals-fixed aileron rolls 

Figure 11 shows how the configurations of table I compare with 
these three requirements. The oscillatory boundary is shown as a rela- 
tion between the period of the oscillations and the damping expressed 

1 
aB rll, Or 60 that Unstable points can be shown on a continuous 
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scale). The period and ,A 
T1/2 

of those configurations given in table I 
are plotted in this figure. PointB for both the landing approach and 
the cruising conditions are included. The nature of the points (solid 
or open) shows the PilOtB' opinions of the configurations. If the 
average rating for a particular configuration and condition was equal to 
or less than 5.0 (midway between good and intolerable on the rating 
scale), it was called satisfactory and was plotted in figure 11 as an 
open point. If it was greater than 5.0, it was called unsatisfactory 
and was plotted 88 a solid point. If the configuration exhibited 
rolli~velocity reversals, a horizontal bar is shown through the point. 
If data from pedals-fixed aileron rolls from level, unaccelerated flight 
indicated that the adverse yaw requirement would be violated, a vertical 
bar is BhoWn through the point. It is Been that the three pertinent 
requirements are not entirely conBiBtent with the pilots' opinions. A 
few of the configurations which were unsatisfactory in the opinion of 
the pilot6 were B&tiBf&ctOry by the three reqUireIUentB, and more than 
half of the configurations which were satisfactory in the opinion of the 
pilots were unsatisfactory by the requirements. It is necessary to 
recognize, however, that the division of pilot opinion into satisfactory 
and unsatisfactory categories is an oversimplification in view of the 
spread of pilot opinion, as shown by the standard deviations of table I, 
which is large for some configurations. 

It is seen from figure 11 that the adverse yaw requirement is the 
cause of the inconsistency insofsr as the points rated satisfactory by 
the pilots are concerned. A study of the data indicated that simgly 
increasing the allowable adverse yaw, howtiver, Would not remedy the 
situation - more unsatisfactory points would be admitted than satisfac- 
tory ones. Thus, it would appear that the adverB+yaw requirement 
should not be a consideration for this particular set of data, and that 
some method of separating the coafigurations, other then by the three 
&fore-mentioned requirements shouId be sought. 

Figure 12 is a plot of the damping parameter 1 -, against the 
rolling parsmeter, $, 

' Cl/2 
for the same data, This method Of plotting was 

found to be the most efficient of several methods tried in separating 
the points according to pilot rating. It is seen that the line of 
demarkation between satisfactory and unsatisfactory configurations, which 
has been faired by eye, is reasonably well defined and is not affected 
by the rollFnepvelocity-reversal requirement. 

Figure 13 is a similar plot which separates tolerable configura- 
tions from intolerable oneB. If the average pilot rating wa8 6.5 or 
greater, the point wa,~ made solid; if it was less than 6.5, the point 
W&B made open. Here again the line of demarkation is well defined. 

-- 
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. 
Unfortunately, there were Iy) average ratings of good (1, 2, or 3 on 

the rating scale), 60 a similar 3mundary betAmen gm3d asd tolerable COW 
figurations could not be formed. 

A plot of 2 
Cl/P 

agaiyst g (one of f&e possible criteria 
suggested in reference 3) vas found to give good results for a givtn 
flight condition (landkg approach or cruising), but the results for the 
two flight conditions were not in agreement. When tw 

&~lW~;~~plctted against &--,the?.kl:o:;::: 
ations from intolerable ones agreed very well for 

the two flight conditions. It is realized, of course, that the airplane 
was not rated for the same uses in the %wo flight conditions; however, 
it Beems logical that the o~cilla.tory rolling characteristic6 would 
affect the piLots' ratings in the same manner during a lading approach 
as during cross-countryflying or gunnery runs. 

touse G 

Also, it seems logical 

beC&USe side--gust disturbances do not OCCUr in the fOITl Of 
changes in j3, but rather they occur in the form of changes in v. 

14 One objection to - 
of E! Ivl 

as a criterion, however, Is that the value 

Ipi 
for a specific airplane lacks the feature of growth with alti- 

tude for a constantindicatedairspeed. The altitude was kept constant 
during this Investigation. However, evidence exists in the Ht-erature 
(see reference 4) that pilots often notice 89 objectfonable increase in 
the rolM.ng motion in rough air as the altitude Is incrtxi.aed. This h&s 
been substantiated by unpublishe!d pilots' c omments made during flight 
tests at the Ames I&oratory of a swept-vdng operational fighter. 

14 
If 77 !fq/ is divided by the square root of the density ratio, 3 

it becomes 
PI 

'm Y a=re ve 1s the equivalent side velocity. In general, 

-ET does increase with altitude. Sucha change invariable seems, on 
the surfme, to be stri&ly arbitrary, but support for sxh a change 
iB found in atmospheric gust data. Reference 5 pI%sentS &&.tiBtiC&l 
infOrTU&tiOn which BROWS that, the &f'eCtiVe gust P&City does not vary 
with altitude in turbulent air conditions, and the effective gust veloa- 
ity referred to is in the form of ag equivalent airspeed. 

1 In order to examine further the plot of: - PI 
1 Cl/2 

against Iv,l'plots 
were made of - 

Cl/2 
against average pilotst rating for various intervals 

These plots are presented in figure 14, 3oth the 
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landing-approach data and the cruising data are shown. It is seen that 
for each interval of ITI m (with one exception) the pilot rating can be 

taken 6~ a function of + alone, and that in all caBes the trend ia 
112. . . 

such that an increase in 1 - brought about-an improvement in the fly- 
Cl/2 

ing qU.&litieB in the pilOtB’ 0 

the lowest interval of PI m 0.05<~~<0.15 , in which distinction 
Q 

iniOn6. 
Pt 

.The one exception mentioned is 

> 

. 

, .- - 

. -. 

is made between two static directional-stability settings. It is obvious 
that the pilots preferred the higher directional stability at a given 
value of Examination of the pilots' answers to the questions 
indicates that the preference is due to 'the fact that coordination was -- 
easier in turn entries with the higher directional stability, which, in . 
turn, was apparently due to lower rudder sensitivity in yaw. 

The values of minimum satisfactory or tolerable damping determined 
ctively, a ee reasonably well with that 

~p~~~~n~e~~~~ ;"r& = 0.737 over the range of k tested 

during that investigation (about 0.05" to 0.40' per foot per BEcond). 

The results presented in figures l2and 13 indicate the same trends 
of pilot opinion as pointed out in reference 3. However, quantitative 
disagreement was apparent when the results reference 3 were compared 
with the present results on the basis of IVe I 

ad 1. 
Cl/2 

The results 

of ref rence 3 showed that the pilots' 
of /"t and ' 

opinions of a given conibination 

Ve 
- were more favorable than those indicated in fig- 
Cl/2 

ures 12 and 13. Pilots who participated'in both investigations believe 
that the re&Bon for the quantitative disagreement is that, during the 
investigation reported in reference 3, they had a tendency to form their 
opinions relative to the normal airplane (with apparatus inoperative) in 
spite of efforts to keep their opinions on a more absolute basis. 
During the present investigation, due to the much greater number of co+ 
figurations flown, it was easier to keep their opinions on an absolute 
basic; the opinions formed on any one configuration did not tend as 
strongly to effect the opinion6 of another configuration. For this 
reason, the results presented in figures 12 and 13 are considered more 
reliable, quantitatively, than thOBe of reference 3. 

In reference 7 it was reported that the lateral linear accelera- 
tion was the primary quantity noticeable to the pilot during snaking 
oscillations when no unusual rolling W&B present. An attempt was made, 
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with no success, to sepsrate the data presented in this report on the 
IAyi IAyl basis of ,ve, and IS plotted against 1 

C1/2* 
Thus, it is believed 

that the angle of bank'is the primary quantity' sensed by the pilots, but 
that when rolling is slight, or when visual reference is not available, 
the lateral acceleration becomes important. 

In view of the above discussion, the boundaries from figures 12 and 
13 sre combined in figure 15 and are presented as a proposed tentative 
criterion for grading the lateral oscillatory characteristics of fighter 
aircraft. 

In figure 36, a comparison is made between the proposed tentative 
criterion and the lateral-oscillatory characteristics of several 
present--day military and research airplanes. The quantitative data and 
pilots' opinions shown in figure 16 were obtained from various Air-Force, 
Navy, industry, and NACA sources. The comparison shows that the trite 
rion is reasonable in principle for grading the characteristics of 
actual present-day airplanes. The quantitative discrepancy, shown by 
the large number of satisfactory points which fall in the unsatisfactory 
but tolerable area is probably caused by differences in definition of 
terms used in the grading systems. 

Figure 17 shows a comparison of the tentatively proposed criterion 
with other requirements of the past and present (references 1, 2, 4, 
8, 9, and 10). The comparison is made on the familiar plot of T1/2 
against period. It should be recalled, in connection with figure 17, 
that the present Investigation did not cover the period range below 
about 2 seconds; it is felt, however, that the information can be used 
down to a LO-second period. The general trend, it appears, is toward 
more and more stringent requirements with regard to damping. 

It is believed that future tests should be made with equipment for 

'ir 
ng other perameters (such as the damping in roll) which would allow 

-VI 
to be vsried over a wide range without causing rolling velocity 

reversals during aileron rolls. It is also believed that a higher per 
formance aircraft than that used for this investigation should be used 
so that lower values of the oscillation period could be investigated snd 

a better comparison of 1c'1 and lrpt 
ta 

as flying-qualities criteria 

could be made. In future tests the altitude should be varied over a 
wide range. 



I2 NACA RM A5lEl6 

Pilota' opinions -Aperiodic Characteristics 

Some of the configurations tested with reduced dihedral effect, 
particularly those with low directional stability, exhibited unstable 
aperiodic motion. The pilots' opinions of these configurations were of 
the nature of obJections to spiral divergence. As the directional ate 
bility was increased, however, the pilots' rated the flying qualities 
as remarksMy improved. On the surface, this appeared paradoxical 
because it is usual to expect the spiral instability to increase with 
increasing directional stability. Brief.computational checks indicated 
that, with the minimum directional stability used and the reduced values 
of dihedral effect, the oscillatory mode could be qected to be replaced 
with two aperiodic modes, ane of which would he quite unstable. The 
mode usually associated with the term "spiral." was found from the camp+ 
tations ta be stable. !I!hus, it was undoubtedly the effect of the 
unstable aperiodic made which caused the pilots' objections and not the 
usual spiral mode. 

The particulsr settings of the directional stability, the dihedral 
effect, and the directional damping chosen for the fnveetigstfon 
afforded only six combinations of flight conditions and apparatus 
setting6 that exhTbited measurable aperiodic divergence. The results 
of flight measurements afthetimerequiredto doubletheamplitude for 
these combinations together with the average pilot ratings, the standa? 
deviationsof' thepilot ratings, and the flight conditions are given in 
table II. Figure 18 shows the average pilot rating plotted as a 
function of the time ta double amplitude for the landmpproach COP 
dition. The data shown in the table far the cruising condition indicate 
wide disagreement with the land%r%approach points. The pilots appat- 
ently would tolerate greater rates of aperiodic divergence in the 
lan~gproachconditionthan inthe cruising condition. The reason 
for the disagreement is not apparent. Figure 18 indicates that the 
minimum values of the time to double amplitude in the landiwpproach 
condition were about 3.4 and 2.6 seconds for satisfactory characteri+ 
tics and tolerable characteristics, respectively. A &.O-second minimum 
is specified in references 1 and 2. mus, it appears that the order of 
magnitude of the present requirement is reasonable. 

From results of a pilot-opinion investigation with a conventional 
airplane fitted with eqtimt far varying in flight the dihedral 
effect, the directional stability, and the directional damping, the 
following conclusions canbe drawn: 
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1. Other oscfllatory characteristics remaining constant, as the 
damping was increased the pflots rated the airplane characteristics as 
being more satisfactory. 

2. Satisfactory and tolerable latera&oscillatory characteristics 
could be separated from unsatisfactory and intolerable characteristics 

by relations between 2 
Cl/P ' 

the reciprocal of the cycles required to 
14 dsmp to half amplPkde, and tvel, the ratio of the amplitude of the 

angle of bank in the oscillatory mde to that of the equivalent side 
velocity. Tentative recommendations for Lateral oscillatory require- 
ments are presented in figure 15. 

3. WhenroUingsmpUtudewas low 191 

> 

( 
5 less than about 0.2O per 

foot per second , the minimum tolerable damping and minimum satisfac- 

tory damping was described by & equal to 0.2 and 1.0, respectively. 

4. The maximum tolerable and maxWxnn satisfactory values of ipe'l -J 

regardless of damping, were about 0.75 and 0.55, respectively. 

Ames Aeronautical Laboratory, 
'Rational Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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QUEsTIONS ANSWERED BY PILOTS'DURING INVESTIGATION 

A. Straight and level flight in smooth air: 

1. Does airplane tend to wander off course, keep diverging in one 
direction or the other; is it hard to trim? 

a. If so, is it seriously objectionable? 
b. Is unusual or excessive use of controls required to 

keep on course? 

B. Straight flight through rough air: 

1. Does airplane roll excessively? 
2. Yaw excessively? 

Is ratio of roll to yaw too greatT 
z: What is best control procedure? 

a. Closely or loosely controlled? 
b. Primarily aileron, primarily rudder, or coordinated 

rudder and aileron? 

C. Abrupt pedals-fixed turn entries: 

1. Can 

a. 

pedals-fixed turn entries be made satisfactorily? 

If not, why? 

1. Rolling velocity not high enough or reverses? 
2. Adverse yaw too great? 
3. Other reasons? 

D. Abrupt coordinated turn entries: 

1. Is it difficult to coordinate in turn entries? 

a. If so, why? 

1. Rudder too touchy in producing roll? 

;: 
Rudder too touchy in producing yaw? 
Rudder forces too low as compared to aileron forces? 

4. Rudder forces too high? 
5. Oscillations easily excited? 
6. Other reasons? 
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E. Steady turns: 

1. Are rudder forces too high? 

F. Lateral--directional oscillations: 

1. Can oscillations be damped without excessive pilot effort? 
2. Do you think damping would be easier if period of oscilla- 

tions were longer? 

. 

15 



16 NACA RM AJ5lsl6 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

Anon.: Flying Qualities of Piloted Airplanes. Spec. No. l81>B, 
U.S. Air Force; June 1, 194.8, 

Anon.: Specification for Flying Qualities of Piloted Airplanes. 
Spec. No. Sri-llgi4, BuAer., Navy Dept., June 1, 1948. 

Kaufm, William M., Liddell, Charles J., Jr., Smith, Allan, and 
Van Dyke, Rudolph D., Jr.: An Apparatus for Varying Effective 
Dihedral in Flight with Application to a Study of Tolerable 
Dihedral on a Conventional Fighter Airplane. NACA Rep. 948, 1949. 
(Formerly NACA !I3 1936, NACA TN 1788) 

Graham, Dunstan, snd McCaskill, Allan: Notes on the Airplane's 
Lateral Motions, Part I. Cornell Aero. Lab., Inc., Rep. 
No. T&-574-F-5. (Contract N6ori-ll9, BuAer., ONR, Dept. of Navy). 
Sept. 11, 1950. 

Tolefson, H. B.: An Analysis of the Variation with Altitude of 
Effective Gust Velocity in Convectiv+Pype Clouds. NACA TN X28, 
1948. . 

Graham,Dunstan, and&mea, ClarenceW.: AFlight Investigation 
of Minimum Acceptable Lateral Dynamic Stability. Rep. 
No. -74-F-3, Cornell Aero. Lab., Inc. (Contract N6ori-119, 
Task Order 10, BuAer., Dept. of Navy). Apr. 3, 19%. 

Beckhardt, Arnold R., Hsrper, John A., and Alford, William L.: A 
Preliminary Flight Investigation of the Effect of Snaking Oscilla- 
tions on the Pilots' Opinions of the Flying Qualities of a Fighter 
Airplane, NACA RM WEl7a, 1950. 

Gilruth, R. R.: Requirements for Satisfactory Flying Qualities of 
Airplanes. NACA Rep. 755, 1943. (Formerly NACA ACR, Apr. 191) 

Anon.: Stability and Contml Characteristics of Airplanes. 
Army Air Forces Spec. No. ~-181~, April 7, 1945. 

Anon.: Specification for Stability and Control Characteristics of 
Airplanes. Spec. No. SI+l.lgA, BuAer., Navy Dept., April 7, 1945. 



3 NACA RM A5lEl6 

TABm I.- PILOTS' OPINIONS OF T3E CONFIGURATIOI?S EXHIBITING 
MEAsuRABm osc II;LAToRY CHARACTERISTICS 

(EL) 
3.7 
3.7 

33:; 
6.5 
6.8 
7.4 
5.5 
5.35 

;:; 
3.4 

::; 
5.0 

;:: 
4.05 
4.1 
4.3 
4.2 
3.0 

;:: 

E 

.i-: 
2:7 
2.7 

I 
1 

T1/2 c1/B 
(se4 (per 

(a) Landing+pproach condition 

Id 
bl Fi 

Average 
:deg/ft pilot 

cycle) 7-r B ?er set) rating 

13.35 
6.4 

37 
3.86' 
2.97 

5':: 
3.78 
2.77 
1.82 

11.35 
3.70 
2.31 

16.45 
4.75 
2.85 

15.95 
8.20 
4.30 
2.9 

27.x) 
5.35 

::5"5 
3.75 
8.20 
2.16 

28.70 
4.95 

0.28 0.21 
0578 .24 

1.19 031 
2.51 
1.68 :z 
2.29 54 
2.74 .68 

-93 043 
1.42 .47 
l-99 
3.02 :E 

030 .30 
-89 -29 

1.43 036 
030 

1.05 
1% 

1.82 
.25 2: 
-50 070 

1.00 072 
1.41 

:Z- 
:z 
047 

-97 l 44 
053 1.0 

1.08 
.44 :g 

1.66 
094 :% 
055 .64 . 

0.77 
l 86 

1.13 
1.32 
2.17 
2.31 
2.46 
1.53 
1.65 
1.61 
1.63 
1.08 
1.03 
1.26 
2.48 
3.05. 
3.37 
2.22 
2.51 
2.57 
2.76 
1.43 
1.65 
1.59 
3.63 
3.44 
3.11 
3.49 
2.32 
2.30 

2: ::6’ 
516 
7.5 
6.7 
6.8 

z=; 
415 
6.1 
5.6 
3.6 

79:; 
6.5 

2; 
6.8 

2:: 
6.4 
4.7 
8.0 

El 
615 

2-g . 

Standard 
deviation 
of pilot 

rating 

1.80 
1.63 
1.72 
1.54 

3:2! 
1.56 
3.12 
1.41 
1.57 
1.86 

.84 
1.80 
1.73 
0 
1.31 
1.68 
0 
1.44 
1.48 
1.60 
1.48 
1.52 
1.52 

2 
1.00 
1.26 
1.53 
1.39 
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(SZC) 

TAEEE I.- COlWLUDED 

T1/2 

be4 

1 
c1/B 
(per 
cycle) 

4.95 
2.25 
1.70 I 

4.9 0.97 0.67 

2: 
2.05 -57 

4:5 
2.58 -57 

1.1 1 3.82 
2.2 11.6 .1g= :;: 
2.2 6.2 .35 -55 
2.2 3.4 -64 -55 

;:: 81:; 
1.14 -55 

-60 2.33 

g:i 
5.91 -86 2.36 
2.32 2.45 3.18 

. 1.48 4.23 3.61 

;:56 
14.0 -25 1.81 
4.18 -86 1.81 

3.6 2.7 1.33 1.78 
3.7 1.69 2.18 1.98 
2.1 7.221 ,291 1.02 
2.1 105.0 -02 1.16 
2.1 7.7 -27 1.0 

i:; 
1.71 1.22 1.25 

0 3.87 

:-4’ 
5:73 -72 3.64 

4:8 
3.15 1.4 4.45 
1.71 2.80 5.21 

,':E 
30.5l 

:i-? 
3.38 

;-z; 
2.85 

;:'4 1:85 
-89 

1.86 ;-"266 

$2 
5.401 o.371 1:735 

2.1 5:o 
1.725 

.42 2.13 
2.0 2.10 -95 1.8 
3.6 17.13 -21 5.09 

;:‘8 
4.5 -82 
2.30 1.65 ;-;i 

;:: 
33.33 -09 4:06 
5-o -60 4.18 

3.1 2.38 1.30 4.72 
2.0 
2.0 z31 

,061 2.58 
-16 3.22 

2.0 2:57 -80 2.78 .47 
loSCilldio~ -table; values fbr -Tz-and l/C2 e,re gives. 

0.11 
.l 
.1 
.I 
-09 
-09 
-09 
-09 

:Z 
.53 
-61 
-30 
-31 
-30 
.33 
-17 
-20 
-17 
-21 
-66 
.61 
-76 
.88 
-57 
-48 

:;i 
029 
-29 
-36 
930 
-86 

'-9 
1.0 

-69 

:E 
.44 
-54 

6.3 
6.1 
4.7 
4.1 
8.3 
6.2 
5.5 

2:; 

2:; 

2:; 

2-z . 

84.; 
6:o 
5 :5 

go7 
7.5 
7.4 
7.4 

z-z 
6:4 

279 

:-"2 
5:1 

89:02 
7.5 

2: 
7.1 
9.0 
7.9 
6.3 

1.41 
1.44 
1.79 
1.63 

-85 
2.00 
2.16 
1.48 

l 93 
1.14 
1.75 
1.73 
1.80 
1.81 
1.48 
1.83 
1.07 
1.23 
2.09 
1.65 
0 
1.12 
1.41 
1.01 
0 
1.60 
1.97 
2.12 
0 
1.19 
1.91 
1.87 
0 

.75 
1.06 
0 

.64 
1.16 
0 
1.11 
1.29 

Average 
pilot 

rating 

Standard 
deviation 
of pilot 
rating 
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TABIJZ II.- PILQTS' OPINIONS OF CONFIGURATIONS 
MEtEBITING MEXSURABLE APERIODIC 

DIVWGENCE 

T2a Flight condition (set) 
Average 

pilot 
rating 

cruising 3.9 8.0 1.33 
Do. 6.0 7.0 1.37 

Landing approach 1.5 8.6 -49 
Do. 1.7 8.2 1.07 
Do. 2.0 7.1 1.65 
Do. 3.0 6.4 1.08 

Standard 
deviation 
of pilot 

rating 



, 

Y 



. 
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Ft&ure l.- Three-quarter front view of teat ah$lane lnstnrmented for flight. 
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0 I I 
I I 

m 2 
9 

20 
t I t I I I I 

(a) Maximum dihedful -effect setting. 

I I I , I I 1 

I t I I I I I 

(b) Norma/ dihedral effect Iinoperative). 

10 
2 Q 

20 
2 
.g 

0 0 

P * 
/O 

4 0 4 
left fight 

4 0 4 
/eN rigm 

Sideslip ung/e from trim, fl# deg 

(cl Minimum dihedral - effect setting. 

Figure 2. - Later& stobihl’y and confro/ characteristics during steady, 
sfruighht sideshps. Lunding - approach condition. 
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(ii) Muximum dihedfu/ -effect setting. 

(b) Norma/ dihdru/ effect (iffopefufivej. 

I I I I 

4 0 4 
/eN r/gbt 

Sides/t@ angle fmm 

(c) Minimum dihedtvl 

4 0 4 
left right 

Mm, fl# deg 

- effect setting. 

Figure 3.- Laferu/ sfubi/ity and control chorocteristics during 
steodyJ straight sidesips. Cruising condition. 
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(u) Muximum direcfionu/ - sfubi/ity setting. 

B (b) Norma/ direc fionu/ s fubiliiy (inOpSfUfiV8). 
* 

8 , 
R 4 40 
$2 3 .F P L 

0 0 
e 2: d 2 

4 40 

4 0 4 4 0 4 
left fight left fight 

Sideslip angle from trim, fi, deg 

(c/ Minimum difecfionu/ - sfubi/ify seti’ing. 

Figure 4.- Directiona/ sfubility and contra/ charucferisfics during 
sfeudy, straight sides/@s . Landing- approuch condition. 
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. L 

40 
2 
.p 

0 

(0) Wximum direcfiona/ - s fubilify se f fing . * 

4 
c‘ 
.$ 

0 

P * 
4 

(b) Normu/ direcf/onu/ s fubi/ify (inoperufive) . 

4 0 4 
/eft fight 

4 0 4 
/eft fight 

Sides/r;0 ung/e from fr/in, /a deg 

(c) Minimum direc fionul - s fubilify se f fing . 

. 

Figure 5. - D~recfionaf s fubilify und con fa?/ chwucferis fits during 
sfeudy, s fruigh f sides//ps . Cruising condifhn . 
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0 
P 
"5 

(a) Dkect/ona/ dumping : maximum stabiK?hg . 

(b) Direct/one/ damping: IK)Tmol (inoperative]. (b) Direct/one/ damping: twrmol hwperotivel . 

p/o p/o 
* * t- t- 
Q”- Q”- 

- - F- --- F- --- 

“/O “/O 

0 

$5 
10 11 I I I I I I 

0 2 4 6 8 IO /2 /4 

Time, see - 
(c) Directiona/ damping: maximum desfabilizhg . 

Figure 6.- Time histories of t’ypicu/ controls- fixed later& oscil- 
&Cons wifh dihedral effect and direcliono/ sfabilify normal. 
Cruising condifion . 



0 / 2 3 4 5 
Time, set 

/a) Dihedral effecf: maximum. /b/ Me&u/ effect: normal 
Dlrecfibnul stability: normal (inoperafive). (inoperative). 
Dlreczional damping : intemediate desto - Dh-ec&na/ stabitify : maximurm. 

bi/izing . D/recfiona/ damphg : maxiim 
stabilizing. 

figure 7.- Time h&for/es of fypikw/ p&~h -fixed aileron rolls. Landing-upproacb condition. 

. . 



20 
2 

I I I I I I I I I I I 
b I 

P 1 

0 / 

ti 
* 
20 I i i.i i i i i i i I 

4 
P b P 

0 
c 
* 

4 

.8 

$ 
I I I I I I I I I I1 

.4 
I i i i i i i I 

I 2 3 4 5 6 7 O/2345 
Time, set 

(a) Dihdraf ef fed: maximum. (b) Dihedmi effecf : approximately 
Mecfionaf s fabifify : minihwm. zero. 
Direchal damping: infem?edfafe Direcfhal sfabilify: maxihnim. 

des fablllring. Direcfionaf damping: normal 
(inoperative). 

Figure 8,- The hisfories of fupcaf pedafs - fixed aileron rolls. Cruising condifh . 



T/me, set 
(0) Dibedml efhct: maximum. ii3.l Dfhedmf ef fecj: appmxihak9& zero. 

Dh?ci~~~l stability : maximum. Direc#onal stability : normal (fnoperotive). 
Dkecttr’onol damping: inhwme&te Dlreciional damping: maxiim sfabifizfng . 

destabifizhg . 
Ffgure 9.- Time h/&w/es of t.@cai controls- f,!xed lotem/ oscllations. Lansing-appmach cond/fon. 



0 I 2 3 4 5 6 
The, set 

(a) Dihedral effect : maximum. (b) Dihedrat effect: approximate& zero. 
DirecZonal stabMy : maximum, Dikvctionai stability: minimum. 
Dlrectional damping: maximum Directrbnal damping: maximum 

destabG’zing, stabilizing . 

Figure IO.- Time histories of typical controls - fked kteral oscillations. Cruising condition. 
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0 sofisf~cfory- l ) 0 Unsatisfactory , 

Average of pi/& opinions 

+ 0 hdicofes excessive adverse yuw 
+ -0 indicfffes fo//ing velocity feverso/ 

2 4 ,6 
Period, set 

8 

Figure ii. - A compufison of pilots opinion with luteru/ 
osci//otofy requiremenfs of references I and 2. 

10 

. 

. 

. 

. 
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* 5 

4 

3 

2” 
0 . 

0 sufisfucfufy 
a Unsofisfoc tory fdhng- velocity fevefsd 

0 

S&isf0cf0ry Unsufis fffcfory 
I 

2 .4 .6 

/I/ /ys/ deg/ff per set 

.8 LO 

figure 12~ Boundary between sufisfacfory and unsufis- 
focfofy /atera/ oscil/a tory chorocferisfics . 
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0 To/erub/e 
l /nfq/erub/e 

I 

Note: Tick+ indicates 
fo//iffg - ve/ocity fevefsd 

3 
I 

.2 .4 .6 .8 I.0 

/+/ 

/ / 
v~ deg/ff per set 

Figure 13. - Boundury between fohruble md hfo/eruble 
it7 fefu/ 0scMufofy chofuc fef isfics. 

” 

P 
t. 
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0 Cruising condition 
12 Landing- appfooch condition 

35 

. . 

IO 

8 

6 

4 

2 

0 

10 

8 
6 

4 

2 

(g).65eive c.75. 9 

IIIIITII 

Figure l4.- Variution of uverage pilot ruting with l/C% for opproxi- 

mote/y constant vahes of &/ 
/v,/ 
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2 

. --s=- 
0 .2 .4 .6 .8 I.0 

/9v 
/cp 

deg/ft per set 

Figure 15. - Proposed tentative boundary between sotis - 
factory and unsatisfactory und befween to/erub/e and 
into/erub/e lotem/ osci//utory churucteristics. 
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4 
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3 

I Sufisfucfory 

&oo+ Symbo/ Airpbne Nole: Numbers fndiwfe pressure 
0 

G 
zi 

olfifuai?, feef 
Doshed i/nes connect points 
of consfanf aifffude 

0” 
z 

F 
0 Sufisfocfory charocferisf,=& 

A 0 
ci 0 5 

Ah-gthal chufocftWsfics 
+ Unsafisfocfory cha~cferfsiics 

: 5 
6 

Tick ina7cafes funding 
opprouch condiftin 

0 V F 

I 
./ 2 3 .4 5 .6 .7 .8 9 I.0 

figure /6.- Com,our/son of /Hero/ oscillatory charucterkfics 
present day okcroft with proposed fen#otive boundaries 
pi/oh opinions of the motions. 

of severo/ 
inc/uding 
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References / and 2 
- - - - - Resent investigafion 
- -- References 8# 9, and /O 
- - -- Reference 6 

4 6 
Period, see 

8 /O 

-Ev 

Figure /7.- Boundafy lbetween sutisfuctofy und unsatisfactory 
/utefu/ osci//atofy chufucfefistics ffom references 
indicated. 
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Time to double ompliiude of aperiodic motion, &, , set 

36 

Figure /8.- Variation of pilot ratings with time to double amplitude of , 
aperiodic motion. 1 anding - approach condition. 


